. Among the survivors and the non-survivors, we found that in the latter, SI was progressively increased in SI4 and SI6 (p < 0.05) 
Introduction
Pediatric sepsis is an important health problem since it is considered the leading cause of hospital death worldwide. It has been reported that 8.2% of children admitted to Pediatric Intensive Care Units (PICU) have sepsis: 4% severe sepsis and 2% septic shock with a mortality rate of 25-48%, depending on the patient comorbidities [1] [2] [3] [4] [5] . Sepsis is diagnosed according to clinical data, among which are heart rate (HR), temperature, and respiratory rate; however, these can be mixed with response to trauma, besides being data of an infectious process. Given this situation, multiple biochemical markers that aid in the identification of the presence, severity, and prognosis of sepsis have been studied 6 . The most commonly used marker in medical practice is serum lactate; however, in some medical units, it is not always available or is merely not assessed promptly because the clinical findings do not justify its systematic measurement, which delays the diagnosis and treatment of critical patients 7 . There are numerous prognostic and diagnostic scales to classify patients with severe sepsis or septic shock, which assess the degree of physiological affection and whose synergism improves the detection of hemodynamic alterations presented by patients. However, the amount of data to be analyzed (such as the isolated taking of vital signs, the invasive monitoring of central venous pressure, isolated blood pressure, and blood gases determination, among others) present disadvantages. Some of these are the result's safety, time employed, resources, and costs necessary for its implementation, which significantly complicate the assessment of these determinations for their use in clinical practice 8 . In several studies, it has been observed that the shock index (SI), defined as the quotient between HR and systolic blood pressure (SBP), can predict early cellular hypoxia and hemodynamic compromise [9] [10] [11] . Therefore, its use as a sepsis early detection marker has been supported: patients with a SI > 0.7 showed 3 times more hyperlactatemia than those with a SI < 0.7 12 . The association of the SI as an early indicator of sepsis in the pediatric population has been analyzed. However, previous studies did not determine the different cutoff points for age group, which are not the same in the whole pediatric population due to physiological conditions. Therefore, we decided to carry out this study with the objective of identifying the best time for the SI determination in the pediatric population to predict mortality in severe sepsis or septic shock.
Methods
A retrospective cohort from January 2012 to April 2014 was conducted, which included patients between 1 month and 16 years 9 months of age who developed severe sepsis or septic shock during their stay in the PICU. Patients who died during the first 6 h after their admission into the PICU were excluded from the study. The zero time was defined as the moment when the patient was admitted to the PICU with suspected sepsis. According to the assessment made by the attending physician and the researchers regarding the patient's clinical and laboratory data, the subjects were classified according to the criteria established by the International Pediatric Sepsis Consensus Conference 2005 as severe sepsis or septic shock. 6 From the nursing records, the values of HR and SBP were identified at the time of diagnosis of severe sepsis or septic shock, and at 2, 4, and 6 h later. The quotient between HR and SBP was calculated to obtain the SI value corresponding to each moment.
By measuring the HR and SBP from the first suspicion of sepsis or septic shock diagnosis and consecutively every 2 h during the first 6 h, the SI was determined for every subject at each time of measurement to construct four analysis times (SI at diagnosis and at 2, 4, and 6 h later: SI0, SI2, SI4, and SI6). Subsequently, a comparison was made between two groups according to the outcome of the patients (survivors vs. deceased).
In both groups, variables that could modify the outcome were analyzed, such as age, sex, immunocompromise, heart problems, and days of hospital stay; and in the PICU stay, use of dobutamine, adrenaline, noradrenaline, levosimendan, and hydrocortisone or variables that could modify the SI, such as cardiovascular problems and age.
Hematooncologic patients who had received chemotherapy or patients with other conditions in which high doses of steroids that would cause immunosuppression were used, were considered immunocompromised. Patients who had a congenital or acquired heart disease were defined as having a heart problem. Before the start of the study, the protocol was approved by the institutional ethics committee: Comité de Investigación y Ética en Salud del Hospital de Pediatría Dr. Silvestre Frenk Freund.
Statistical analysis
Measures of central tendency and dispersion were used according to the measuring scale of the variables. The Shapiro-Wilk test was applied to determine the normal distribution of the quantitative variables.
The Mann-Whitney U-test was applied to compare the quantitative variables between groups and the χ 2 test for qualitative variables. The risk factors were compared between the surviving and deceased patients, calculating the odds ratio (OR) and their confidence intervals (CI). Two multiple logistic regression models were constructed for the SI4 and SI6. In these two models, the variables that in the bivariate analysis showed p < 0.1 value were also included in the study.
All the statistical analyses were performed with SPSS software version 17.0 (IBM).
Results
The study included 165 patients who were admitted to the PICU during the established period. There was no sex predominance concerning the age group, and the most frequent one was that of the infants (46.1%, n = 76). The most frequent base diseases were oncological, cardiovascular, and gastrointestinal (56.4%, n = 93) and only 7.3% (n = 12) were previously healthy patients. Community-acquired pneumonia and oncological complications were the most frequent pathologies that conditioned the admission to the PICU in 41.8% (n = 69) ( Table 1) .
Of the 165 included patients, 137 (83%) met septic shock criteria; the rest had severe sepsis. The sepsis origin was identified in a pulmonary focus in 49.6% of patients; in less than half of the cases, some microorganism was isolated through blood cultures, central venous catheter culture, bronchial secretion, or urine cultures. The microorganism that was most frequently isolated was Klebsiella pneumoniae in 5.5% of the patients (Table 2 ). There were 69 deaths (41.8%) attributed to septic shock.
When comparing some characteristics between surviving and deceased patients, statistical differences were observed in the use of adrenaline, levosimendan, and hydrocortisone and the presence of septic shock. Of the surviving patients, 70.8% presented septic shock while in the deceased patients 100% presented it (Table 3) . When performing the analysis according to the patient's condition, the median value in the severe sepsis group at SI0, SI2, SI4, and SI6 moments was 2.1, 2.0, 1.6, and 1.4, respectively. While in the septic shock group, at SI0, SI2, SI4, and SI6, the median was 2.0, 2.0, 1.9, and 1.7, respectively.
When analyzing the SI behavior between the patients who survived and those who died, it was determined that the median values at SI0, SI2, SI4, and SI6 were 2.0, 2.0, 1.6, and 1.3 in the group of survivors, whereas the values were 2.0, 2.1, 2.2, and 2.4 for those who died. As observed in table 3, the SI0 median value was similar between the two groups (p = 0.642). However, in SI2, SI4, and SI6, it can be observed that the value tended to decrease in the survivors, while in the patients who died the value increased, which was statistically significant (SI2 p = 0.045, SI4 p = 0.000, and SI6 p = 0.000) (Table 3) . Particularly, of the 38 patients who had an SI ≥ 2.2 at 4 h of follow-up, only four survived, while of the 37 patients who had an SI ≥ 2.4 at 6 h of follow-up, none survived.
The OR of the SI values was calculated at each time to predict the outcome (death). For SI0 and SI2, no statistical significance was found (SI0: OR: 0.7; 95% CI: 0.32-1.5; p = 0.42 and SI2: OR: 2.16; 95% CI: 0.9-4.8; p = 0.6), whereas for SI4 and SI6, a statistical significance was found (SI4: OR: 18.9; 95% CI: 7.2-49.6; p < 0.001 and SI6: OR: 72.6; 95% CI: 21.3-246.9, p < 0.001).
In the multiple logistic regression models, in addition to SI4 and SI6, the following variables were included sex, age (months), immunocompromise, cardiac problems, days of hospital stay, and PICU stay, as well as the use of vasoactive agents. In the first model performed for SI4, we observed a positive association between the SI (OR: 442.1; p < 0.001) and the death of the patient in an independent manner. In the same model, it was observed that in an independent manner, age (OR: 1.02; p = 0001), adrenaline (OR: 17.1; p = 0.015), and noradrenaline use (OR: 24.1; p = 0.007) increased the patients risk of death risk. In the second model performed for SI6, it was observed that the SI increased the death risk considerably, with an OR=81951.3 (p < 0.001). Age also increased the death risk (OR: 1.04; p < 0.001) ( Table 4) .
Discussion
Despite the important advances in the pediatric sepsis management, there is still high morbidity and mortality secondary to severe sepsis and septic shock. For this reason, it is necessary to have clinical tools that help early detection of these conditions to implement therapeutic actions that modify their prognosis. Given the simplicity of its determination, the SI can be used in the emergency room where the taking of vital signs is a routine procedure, but not the measuring of other early markers of infection 13, 14 . This study showed that the increase in the SI value is directly associated with a higher mortality and that a high SI at 4 and 6 h after the severe sepsis or septic shock diagnosis predicts a patient's fatal outcome; particularly, the SI6 value predicts the patient's death (100% of the subjects with SI6 ≥ 2.4 died).
In children, normal SI values and their potential role in diagnosing severe sepsis or septic shock have not been well studied. However, some studies have performed SI measurements at 0, 1, 2, 4, and 6 h after admission and showed that if at 6 h the SI value decreased it was not associated with mortality, but if it remained high, it was correlated with an increase in mortality (p = 0.02 vs. 0.03). These data go along with the literature. Among the most significant studies, we found that of Berger et al., a retrospective study with a population of 146 patients, in which it was demonstrated that the SI was predictive of the risk of death at 0, 4, and 6 h after severe sepsis and septic shock diagnosis and that children with an abnormal age-adjusted SI value at 0 and 6 h after diagnosis had a higher relative risk of death than children with normal age-adjusted SI value at 0 and 6 h after diagnosis. In this study, a correlation was also made with lactate, a widely used marker of severe sepsis. It was shown that the SI is a better marker than the HR or the SBP separately. This study did not divide the patients by age group, and the authors lost the initial correlation with lactate, which could have given them more information 15 . Yasaka et al. performed a retrospective study and observed that the SI value at admission and up to 6 h after diagnosis was associated with mortality at the arrival into the PICU. When performing the stratification, they observed that the SI value was only associated with mortality in children aged 1-3 years and ≥ 12 years 16 . In certain groups, the SI value improvement at the PICU compared to the one presented at the admission moment was associated with an improvement in the patient's evolution concerning children with a higher SI value on admission. These observations demonstrated that the SI value determination within the first 6 h of admission into the PICU is an additional tool to assess the response to the initial resuscitation therapy.
On the other hand, it is necessary to clarify that the result of the multivariate analysis concerning the increased risk of death produced by the use of adrenaline and levosimendan was studied because it has been observed that, in the subjects that require the use of these drugs, generally severe hemodynamic changes persist 17 .
The results of the current study go along with the data reported in the literature [16] [17] [18] [19] . The limitations of the study were the size of the sample, which was small in comparison with other studies; the collection of data as a retrospective study, it is limited to the information documented in the clinical records, and in some cases, it is insufficient. For this reason, it is considered convenient in the future to carry out a prospective study that will allow the researchers to obtain more reliable information to be analyzed. It can be concluded that, in general, the best time to predict mortality through the SI value is 6 h after initiated resuscitation of pediatric patients with severe sepsis or septic shock, with an OR of 81951.3; 95% CI: 427.1-15,700,000. The diffusion of the usefulness of SI value in pediatric patients, especially in the first contact services, as well as its determination, can be valuable to modify the clinical evolution of a patient with sepsis or septic shock within the first 6 h of admission into the PICU.
Ethical disclosures
Protection of human and animal subjects. The authors state that the procedures followed were conformed to the ethical standards of the committee on responsible human experimentation and in accordance with the World Medical Association and the Declaration of Helsinki.
confidentiality of data. The authors declare that they have followed the protocols of their work center on the publication of patient data.
Right to privacy and informed consent. The authors have obtained the written informed consent of the patients or subjects mentioned in the article. The corresponding author is in possession of this document. 
